SYNOPSIS A simple method of dividing and weighing the heart is described. It is quick to perform and ratios between the left and right ventricles and the total weight of the heart are remarkably constant.
Weighing the heart is a usual procedure in routine necropsies but its value is restricted in any particular case by ignorance of the normal weight and by the difficulty of determining the contribution of each part of the heart to a variation from the supposed normal. A method of dividing the organ in order to weigh its various parts was described by Lewis (1914) but the procedure takes some weeks to complete and this limits its value in routine work. Some pathologists estimate hypertrophy of the ventricles by measuring the thickness of their walls but in our hands this has not been successful owing to the irregularity of the endocardial surfaces. Others assess the presence of pulmonary hypertension by measurements of the pulmonary vessels in histological sections (Heath and Whitaker, 1955) but we have found this unsatisfactory for routine work.
Some years ago a standard technique for dividing and weighing the heart was adopted, and having collected data from 788 cases the findings are presented here in the hope that the method will be useful to others. The technique was purposely made as simple as possible as time is often limited in routine work and great accuracy was deliberately sacrificed for the same reason. The whole procedure takes only a few minutes and results in fairly comparable figures. The whole of the interventricular septum is weighed with the left ventricle and no attempt is made to separate the two auricles; the pericardial fat and coronary vessels are not removed from the surface of the heart. It was intended to avoid defining the weight of the normal heart by Received for publication 13 July 1960. calculating the ratios of the weights of its various parts.
METHOD
Although Lewis (1914) explains his method at length, Herrmann and Wilson (1922) found that his directions were not explicit enough to prevent misunderstanding. Our technique is therefore set out below in full detail of each step we actually take and illustrated in Figs. 1 to 3.
1 The thoracic contents are removed in toto and the heart is not removed from them until step 7 below. Running water is used when required throughout the examination.
2 After examining the remainder of these organs and opening the pericardium to its apex, the right auricle is opened with scissors and examined with the tricuspid valve. 3 A long knife is then passed through the tricuspid orifice to the apex of the right ventricle and this is opened by an incision along the length of its extreme outer border.
A simple method of weighing the heart of the thoracic viscera hanging from it. The pulmonary veins and venae cavae are now divided at their junctions with the auricles, and the aorta and pulmonary arteries are divided at the level of the upper edges of their valve cusps. It is most important that these vessels be divided at these respective levels and we draw attention to the possibility of error at this stage (Fig. 2) .
8 All the remaining blood clot is washed away and lightly adherent thrombus removed with forceps. The heart is now weighed. 9 The coronary arteries are now opened and examined as may be desired. 10 The posterior attachment of the right ventricle to the septum is now divided, again with scissors laid flat against the right ventricular surface of the septum. 11 The auricles are now removed by cutting them off the ventricles or pieces of ventricle along the coronary sulcus, and joining these incisions across the top of the septum. The heart is thus divided into four pieces (a) the auricles, (b) the left ventricle attached to the septum, and (c) the right ventricle in two pieces. The two ventricles are weighed, recording (b) as the left ventricle and (c) as the right (Fig. 3) 
RESULTS
The material available consists of the data from 788 post-mortem examinations, being all the routine necropsies performed at one hospital in the years 1954-57, except for a small number which had to be discarded on the grounds of insufficient information. There are 650 adults (429 of them males), 20 adolescents aged 10 to 20 years, 23 children aged 1 to 10 years, and 95 infants under 1 year of age. Most of the discards were infants whose hearts had not been divided.
Our attention was first directed to adults and the findings were considered for each sex in age groups. As usual in routine hospital work there is a preponderance of cases in the sixth and seventh decades. The numbers in the younger age groups from which it might be expected to discover the normal values are small but from them and from accident cases ideas were formed as to the probable directions in which deviations might be expected to occur. It became necessary to place an arbitrary maximum for the weight of the normal heart in each sex in order to determine the approximate normal values for the new measurements. There is no real agreement on the maximum weight of the human heart (Zeek, 1942) and it has been the custom for many years in our department to regard it as 350 g. for males and 300 g. for females. As we have no facilities for weighing the bodies (Bartels and Smith, 1932) 3 Pulmonary disease excluding hypostatic pneumonia or single attack of lobar pneumonia Conditions which might reasonably be expected to give rise to pulmonary hypertension such as mitral stenosis were included. When systemic hypertension was also present, the case was placed in group 2. Figure 4 shows the distribution of total heart weights in these three classes. There is some tendency to support our arbitrary estimate of normal heart weight, since in males the hearts of only eight (3 5 %) of cases of systemic hypertension fall below 350 g. and in females only five (5-5 %) fall below 300 g. It is possible that in some of these patients a sufficient degree of cardiac hypertrophy had not been achieved to bring the heart weight above these values. It is admitted that in each sex roughly one third of the 'normals' is found above these weights but these, of course, include hearts enlarged for some reason other than hypertension and those where there was insufficient evidence for a firm diagnosis of hypertensive disease. In both sexes the cases of pulmonary disease are fairly evenly distributed throughout the range; total heart weight is little help in the diagnosis of pulmonary hypertension.
In normal hearts the weight of the right ventricle by our method is about 80 to 100 g. and the left ventricle weighs about 100 g. more. In females these figures are smaller by some 20 g. The weight of the auricles was more variable and we have failed to attach any significance to these variations. In normal hearts of whatever weight and in both sexes the ratios were remarkably constant as follows: L/R 2 to 3, T/R 3 to 5, and T/L 15 to 2.
In left ventricular hypertrophy it would be expected that the first two ratios would become larger and the last smaller. In known cases of systemic hypertension or aortic valvular disease L/R and T/R were found to be increased beyond 3 and 5 respectively, though in some cases only one was raised. It seemed therefore that when L/R equals or exceeds 3 and/or T/R equals or exceeds 5 (values 'raised' or 'increased') there is left ventricular hypertrophy associated with systemic hypertension unless some other explanation can be found. Lewis (1914) remarks that the commonest type of cardiac hypertrophy is a uniform hypertrophy and in this case these ratios could be either normal or increased.
In the conditions which are usually associated with pulmonary hypertension such as mitral stenosis, Fallot's tetralogy, and pulmonary fibrosis the ratio T/L is greater than L/R or equal to it ('ratios reversed') and this was the case in 58 % of infants mostly in the first few days of life (Table IV) In order to test the validity of these two conclusions the adult cases were divided first into two main categories, those with normal and those with increased heart weights using the arbitrary standards. Each category was subdivided into three groups, namely, (a) ratios normal L/R<3, T/R<5, and T/L<L/R; (b) ratios raised L/R>3, and/or T/R.5, T/L<L/R; (c) ratios reversed T/L.L/R (D<O).
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T/R, and D in the various categories are distinct Table IV and they suggest that the ratios, which are usually reversed at birth (as would be expected), begin to conform to the adult pattern at about a week or soon afterwards. Some possible reasons for a departure from this rule are also shown in Table IV. The final conclusions may be re-stated simply: (1) When L/R.3 and/or T/R.5, there is left ventricular hypertrophy which, other causes being excluded, is suggestive of systemic hypertension. This association is enhanced if the weight of the heart is increased. (2) When L/R-T/L (D) is 0 or less, other causes being excluded, there is strong evidence of pulmonary hypertension. This association is largely independent of total heart weight and such values are unlikely to be found in the presence of cardiac hypertrophy consequent on systemic hypertension. Conversely it is most unlikely that pulmonary hypertension is present when L/R.3 and/or T/R>5.
DISCUSSION
It is important to stress that these figures can only be regarded as useful when they are considered with the whole of the clinical and post-mortem findings. In these circumstances a departure from normal ratios, whatever the weight of the heart, requires explanation and the method has therefore some value which is enhanced by its simplicity. In the past, especially when there was no record of the blood pressure or when such a record might be regarded as unreliable owing to the clinical deterioration of the subject, there has been a tendency to consider an increased heart weight suggestive of systemic hypertension, other explanations being lacking. This new technique has to some extent defined more clearly the criteria on which such a conclusion could be sustained and has revealed a method by which pulmonary hypertension can be diagnosed after death.
The finding that acute pulmonary embolism is associated with pulmonary hypertension emphasizes the risk of post-operative and post-traumatic immobilization in patients with chronic pulmonary disease. Such people may be considered as especially suitable for early prophylactic anticoagulant therapy. Their extra susceptibility to this complication is presumably due to venous stasis consequent on the pulmonary hypertension and of course the added risk to such individuals is not confined to immobilization in hospital but is also present when they are confined to bed at home. Phear (1960) , in a followup study of patients surviving pulmonary embolism, found that nearly 15% were severely disabled by pulmonary hypertension. It seems from our own findings that this condition was probably present before the embolic episode which in these severely disabled survivors may have accentuated it.
These results were compared with those published in detail by Lewis (1914) and by Herrmann and Wilson (1922) by calculating the ratios L/R, T/R, and T/L from their figures after adding the weight of the septum to their left ventricular weight. In the latter case, although the septum was divided, a reasonably good correlation was found with these conclusions, but in Lewis's tables no such correlation could be found. Herrmann and Wilson remark that
